(19) 




JAPANESE PATENT OFFICE 



PATENT ABSTRACTS OF JAPAN 



(11) Publication number: 09157006 A 



(43) Date of publication of application: 17.06.97 



(51) Int. CI 



C04B 35/46 
G01L 1/12 
H01L 41/187 
H01L 41/24 



(21) Application number: 07312539 



(71) Applicant: 



KYOCERA CORP 



(22) Date of filing: 30.1 1 .95 



(72) Inventor: 



ONIZUKA KATSUHIKO 
HIGASH1BETSUPU MAKOTO 



YOSHIMURA KENICHI 
EGUCHI TOMONOBU 



(54) PIEZOELECTRIC PORCELAIN COMPOSITION 

(57) Abstract: 

PROBLEM TO BE SOLVED: To obtain a porcelain 
compsn. having a high electromechanical coupling factor, 
a low mechanical quality factor and a low relative 
dielectric constant and excellent in heat resistance by 
specifying the compsn. of a perovskite type compd. 
contg. Pb, Zr ( Ti. Sr, Na, Nb, Y ( Cr and Co. 

SOLUTION: This porcelain compsn. is a perovskite type 
compd. contg. at least Pb, Zr f Ti, Sr, Na, Nb, Y, Cr and 
Co as metallic components and is represented by the 
formula (where M is La, Gd, Nd, Sm or Pr ( 
0.005 sxsO.08, 0.001 sysO.005, 0.002szs0.05, 
0.95sa^1.05, 0.47sbs0.70, 0.02scs0.31, O.HsdsO.42, 
0.01ses0.12 t 0.02sfe0.15, 0.46sgs0.52 and 
b+c+d+e=1.O0). This compsn. is especially fit for the 
2nd intermediate-frequency filters of movable 
communications appliances such as analogue and digital 
cellular phones. 
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CJWft¥lfl:] (Pb,.,.,., Sr. Na v M 
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0.001 £0. 005 
0,0 0 2 £0. 0 5 
0.95 £ a £ 1 . 0 5 
0.47 £b£0. 7 0 
0.0 2 £c£0. 3 1 
0. 1 1 £d£0. 42 
0. 0 1 £e£Q. 1 2 
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(54) PIEZOELECTRIC PORCELAIN COMPOSITION 
(57) Abstract : 

PROBLEM TO BE SOLVED: To obtain a porcelain compsn. having a high 
electromechanical coupling factor, a low mechanical quality factor and a low 
relative dielectric constant and excellent in heat resistance by specifying the 
compsn. of a perovskite type compd. contg. Pb, Zr, Ti , Sr, Na, Nb, Y, Cr and Co. 
SOLUTION: This porcelain compsn. is a perovskite type compd. contg. at least Pb, 
Zr, Ti, Sr, Na, Nb, Y, Cr and Co as metallic components and is represented by the 
formula (where M is La, Gd, Nd, Sm or Pr, 0 . 005<=*x<=0 . 08 , 0 . 001<=y< = 0 . 005 , 0.002 
=0.05, 0 .95<=a<=1.05, 0.47<=b<=0 .70, 0 . 02<=c<=0 . 3 1 , 0 . ll<=d<=0 . 42 , 0 . 01<=e<=0 . 12 , 
0 . 02<=f <=0 . 15 , 0 .46<=g< = 0 . 52 and b+c+d+e=l . 00) . This compsn. is especially fit 
for tne 2nd intermediate- frequency filters of movable communications appliances 
such as analogue and digital cellular phones. 
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CLAIMS 



[Claim (s) ] 

[Claim l]As a metal component, at least Pb, Zr, Ti, Sr, Na, Nb, Y, It is a 
perovskite mold compound containing Cr and Co, and is the empirical formula 
(Pbl-x-y-z Srx Nay Mz) a (Nbb Yc Crd Coe) f Tig Zrl-f-g 03 (here) When M expresses 
a kind at least among La, Gd, Nd, Sm, and Pr, Said x, and y, z, a, b, c, d, e, f 
and g are 0 . 005<=x<=0 . 080 . 001<=y<=0 . 0050 . 002<=z<=0 . 050 . 95 . <=a<=l . 050 . 47 
<=b<=0.700.02 < = c< = 0.310.11<=d<=:0.420.01 <=e< = 0 . 120 . 02 <=f <=0 . 150 . 46 
Piezoelectric-ceramics constituent characterized by satisfying <=g<=0.52 
b+c+d+e=l . 00 . 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[00013 

[Field of the Invention] This invention relates to the piezoelectric-ceramics 
constituent which fits the second intermediate frequency filter of mobile 
transmitters, such as an analog cellular phon and a digital cellular phon, 
especially with respect to the piezoelectric-ceramics constituent used for a 
ceramic filter, a ceramic resonator, an ultrasonic application trembler, a 
piezo-electric buzzer, a piezo-electric ignition unit, an ultrasonic motor, a 
piezo-electric fan, a piezo-electric sensor, an electrostrictive actuator, etc. 

[0002] 

[Description of the Prior Art] From the former, there are a ceramic filter, a 
ceramic resonator, an ultrasonic application trembler, a piezo-electric buzzer, a 
piezo-electric ignition unit, an ultrasonic motor, a piezo-electric fan, a 
piezo-electric sensor, an electrostrictive actuator, etc. as a product using a 
piezoelectric-ceramics constituent, for example. 

[0003] Here as components, such as a ceramic filter and a ceramic 

resonatorPbZr03-PbTi03 The porcelain constituent used as the principal component 
is used, this -- Nb 205 Mn02 etc. -- a metallic oxide and Pb(Nb2 / 3 Mg 1/3) 03 
Pb(Nb2 / 3 Co 1/3) 03 etc. -- piezoelectric improvement is achieved by adding a 
compound perovskite mold oxide or permuting. 

[0004] It is Pb(Nb2 / 3 Co 1/3) 03 -PbZr03 - PbTi03 as a piezoelectric-ceramics 
constituent the electromechanical coupling coefficient Kp excelled [ constituent 
] in piezoelectric greatly conventionally. The constituent of a system is known. 

[0005] Thermal resistance is demanded also of the piezoelectric device included in 
components since the components mounted in the substrate in case reflow soldering 
of the components was carried out [ in / to be able to respond to various 
conditions so that it can mount in front faces, such as a substrate, also in 
piezo-electricity components like / in recent years / a ceramic filter and 
ceramic resonator on the other hand is demanded, and / such piezo-electricity 
components ] at a substrate are put to a 230 to about 300 degrees C elevated 
temperature . 

[00 06] moreover for example, in the filter of several kHz band using flare 
vibration of electrostrictive ceramics, an electromechanical coupling coefficient 
Kp is large, a mechanical quality factor Qm is small, and in order to enlarge the 
compensation magnitude of attenuation, specif ic- inductive- capacity epsilonr is 
small, and the ingredient excellent in thermal resistance is needed. In the 
digital cellular phon, it is required especially that the group delay frequency 
characteristics of the filter in a guarantee band should be stabilized for noise 
prevention of an adjacent channel. 



- 2 - 



JP 09-157006 A 



[0007] 

[Problem (s) to be Solved by the Invention] However , Pb(Nb2 / 3 Co 1/3) 
O3-PbZr03-PbTiO3 which the former described above The porcelain constituent of a 
system had a large change of the piezo-electric property before and behind reflow 
soldering, or resonance frequency, and thermal resistance had become low a 
practical problem. Moreover, since change of the piezo-electric property after a 
spalling test or resonance frequency was also large, when it used for filters, 
such as an intense communication device for car loading of an environmental 
variation, etc., there was a problem of the transmission and reception stabilized 
by property change of a component becoming impossible. 

[0008] Furthermore, about 1800 and since it was high, specific-inductive-capacity 
epsilonr needed to form the partial electrode, the component needed to be formed, 
and since the mechanical quality factor Qm was large, there was a trouble that 
group delay frequency characteristics were bad. 

[0009] An electromechanical coupling coefficient Kp is large, a mechanical quality 
factor Qm is still smaller, specific-inductive-capacity epsilonr is small, and 
the piezoelectric-ceramics constituent of this invention aims at offering the 
piezoelectric-ceramics constituent excellent in thermal resistance. 

[0010] 

[Means for Solving the Problem] this invention person etc. was a compound 
perovskite mold compound containing Pb, Zr, Ti, Sr, Na, Nb, Y, Cr, and Co, and 
what has a fixed presentation had the large electromechanical coupling 
coefficient Kp, the mechanical quality factor Qm was small, 

specific-inductive-capacity epsilonr was small, the knowledge of the ability to 
obtain the piezoelectric-ceramics constituent excellent in thermal resistance and 
thermal shock resistance was carried out, and it resulted in this invention. 

[0011] At least the piezoelectric -ceramics constituent of this invention as a 
metal component Namely, Pb, It is a perovskite mold compound containing Zr, Ti, 
Sr, Na, Nb, Y, Cr, and Co. It is the empirical formula (Pbl-x-y-z Srx Nay Mz) a 
(Nbb Yc Crd Coe) f Tig Zrl-f-g 03 (here) When M expresses a kind at least among 
La, Gd, Nd, Sm, and Pr, Said x, and y, z, a, b, c, d, e, f and gO . 005<=x<=0 . 08, 
0.0 01<=y< = 0 .005, 0.002< = z<=0.05, 0 . 95<=a<=l . 05 , 0 . 47<=b<=0 . 70 , 0 . 02<=c<=0 .31, 
0. ll<=d<=0 .42, 0 .01<=e<=0 .12, 0.02<=f< = 0 .15, 0 . 46 <=g< = 0 . 52 and b+c+d+e=l . 00 are 
satisfied . 
[0012] 

[Function] With the piezoelectric-ceramics constituent of this invention, it is 
PbZr03-PbTi03 . While by permuting a part of Zr and Ti of the porcelain 
constituent of a system by Nb, Y, Cr, and Co, and permuting a part of Pb by Sr 
and Na by kind at least among La, Gd, Nd, Sm, and Pr shows the high 
electromechanical coupling coefficient Kp, the low mechanical quality factor Qm, 
and low specific-inductive-capacity epsilonr, it becomes possible to improve 
thermal resistance. 

[0013] Especially in this invention, while being able to improve thermal 
resistance by permuting a part of Pb by Na of the specified quantity, specific 
inductive capacity can be reduced. 
[0014] 

[Embodiment of the Invention] The piezoelectric-ceramics constituent of this 
invention is a compound perovskite mold compound containing Pb, Zr, Ti, Sr, Na, 
Nb, Y, Cr, and Co, and an empirical formula (Pbl-x-y-z Srx Nay Mz) is a (Nbb Yc 
Crd Coe) f Tig Zrl-f-g 03. Although expressed, the reason for having set x, and y 
and z as the above-mentioned range is explained here. 

[0015] Having set the amount x of permutations by Sr to 0 . 005<=x<=0 . 08 has a small 
electromechanical coupling coefficient Kp, when x is less than 0.005, and when 
larger than 0.08, it is because specif ic- inductive -capacity epsilonr becomes 
large. Since the amount x of permutations by Sr is called heat-resistant 
stability, it is desirable that it is 0 . 01<=x<=0 . 03 . 
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[0016] Specif ic-inductive-capacity epsilonr becomes t y ] large less than by 
0.001, when larger than 0.005, the mechanical quality factor Qm of y is large, 
and the amount y of permutations by Na was set to 0 . 001<=y<=0 . 005 because thermal 
resistance fell. As for the amount y of permutations by Na, it is desirable to be 
referred to as 0 . 001<=f < = 0 . 004 from a viewpoint of the fall of 
specific-inductive-capacity epsilonr or a mechanical quality factor Qm and 
moisture resistance. 

[0017] When z is less than 0.002, an electromechanical coupling coefficient Kp 
becomes small, when larger than 0.05, specific-inductive-capacity epsilonr has 
high z, and the amount z of permutations by M (La, Gd, Nd, Sm, Pr) was set to 
0 . 002<=z<=0 .05 for thermal resistance falling. As for the amount z of 
permutations by M (La, Gd, Nd, Sm, Pr) , it is desirable that it is 0 . 003<=z<=0 . 02 
from the heat-resistant reason for stability ★***. Moreover, as M, La is 
desirable . 

[O018]Next, the reason for having set a, b, c, d, e, f, and g as the 
above-mentioned range is explained, a of A site was set to 0 . 95<=a<=l . 05 because 
an electromechanical coupling coefficient Kp fell and thermal resistance fell, 
when a is less than 0.95, or in being larger than 1.05. Since a of A site calls 
it flattening of the temperature characteristic of a mechanical quality factor 
Qm, it is desirable that it is especially 0 . 99<=a<=l . 01 . 

[0019] Moreover, b of the amount of Nb(s) was set to 0 . 47<=*b< = 0 . 70 because a 
mechanical quality factor Qm becomes [ b ] large less than by 0.47, 
specific-inductive-capacity epsilonr became [ b ] large in being larger than 
0.70, and thermal resistance fell. Since b of the amount of Nb(s) calls it 
heat-resistant stability, it is desirable to be referred to as 0 . 49<=b<=0 . 65 . 

[0020] Furthermore, c of the amount of Y was set to 0 . 02 <=c<=0 . 3 1 because thermal 
resistance fell, a mechanical quality factor Qm became large and a group delay 
property fell, in being larger than 0.31 when c is less than 0.02. since c of the 
amount of Y calls it flattening of the temperature characteristic of a mechanical 
quality factor Qm, it is desirable that it is 0 . 09<=c<=0 . 17 . 

[0021] It is because specif ic-inductive-capacity epsilonr will become high and 
thermal resistance will deteriorate, if specific inductive capacity of d is large 
at less than 0.11, thermal resistance falls and it is larger than 0.42 to have 
set d of the amount of Cr(s) to 0 . ll<=d<=0 . 42 . Since d of the amount of Cr(s) 
calls it heat-resistant stability, it is desirable to be referred to as 
0 .20<=d<=0 .26 . 

[0022] It is because a mechanical quality factor Qm will become large too much if 
a mechanical quality factor Qm increases [ e J less than by 0.01, an 
electromechanical coupling coefficient Kp falls, thermal resistance falls and it 
is larger than 0.12 to have set e of the amount of Co(es) to 0 . 01<«e<=0 . 12 . Since 
e of the amount of Co(es) calls it flattening of the temperature characteristic 
of a mechanical quality factor Qm, it is desirable to be referred to as 
0 . 02<=e<=0 . 09 . 

[0023] (Nbb Yc Crd Coe) The amount f of permutations to B site was set to 
0.02<=f<=0.15 because specific-inductive-capacity epsilonr would become large and 
thermal resistance would fall rapidly, if an electromechanical coupling 
coefficient Kp fell less than by 0.02 and g was larger than 0.15. (Nbb Yc Crd 
Coe) Since the amount g of permutations to B site is called flattening of the 
temperature characteristic of a dielectric constant, it is desirable to be 
referred to as 0 . 05<=f <=0 . 07 . 

[0024] When g was less than 0.46, thermal resistance falls and the amount g of 
permutations to Zr of Ti was set to 0 . 46<=g<=0 . 52 for an electromechanical 
coupling coefficient Kp passing in ** low, when larger than 0.52. Since the 
amount g of permutations to Zr of Ti is called flattening of the temperature 
characteristic of an electromechanical coupling coefficient Kp, it is desirable 
that it is 0 .48<-g<=0 . 51 . 

[0025] As a piezoelectric-ceramics constituent of this invention, it is an 
empirical formula (Pbl-x-y-z Srx Nay Mz) a (Nbb Yc Crd Coe) f Tig Zrl-f-g 03 (it 
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is here) When M expresses a kind at least among La, Gd, Nd, Sm, and Pr, x, and y, 
z, a, b, c, d, e, f and gO . 01<=x<=0 . 03 , 0 . 001<=y<=0 . 004 , 0 . 003<=z<=0 . 02 , 
0.9 9<=a<=1.01, 0.49<=b<=0.65, 0 . 09<=C<=0 . 17 , 0 . 20 <=d<=0 . 26 , 0 . 02<=e<=0 .09, 
0 .05<=f <=0 .07, It is desirable to satisfy 0 . 48<=g<=0 . 51 . 

[0026] And PbO and Zr02 , the piezoelectric-ceramics constituent of this invention 
as a raw materialTi02 , Nb 205, Cr 203, Y2 03 , and Co 304, Specified quantity 
weighing capacity of the oxide containing Sr and Na or a carbonate, the oxide 
that contains a kind at least among La, Gd, Nd, Sm, and Pr further, or each raw 
material powder of a carbonate is carried out, and wet blending is carried out 
with a ball mill etc. for 10 to 24 hours. And subsequentlyAf ter dehydrating this 
mixture and drying, temporary quenching is carried out at 800 -HOC degrees C for 
1 to 3 hours, and a ball mill etc. grinds the temporary -quenching object 
concerned again. 

[0027] Then, an organic binder is mixed in this grinding object, after 
granulation, it fabricates by the predetermined pressure, a Plastic solid is 
produced, and it is obtained by calcinating these at 1200-1350 degrees C in 
atmospheric air for 0.5 to 4 hours . 

[0028] the obtained piezoelectric ceramics (Pbl-x-y-z Srx Nay Mz) -- a (Nbb Yc Crd 
Coe) f Tig Zrl-f-g 03 from the perovskite mold crystal phase of becoming 

deposits, and, further in addition to this, the perovskite mold crystal 
phase of *+***+★* may deposit. 
[0029] 
[Example] 
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